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ABSTRACT 


The  Pincher  Creek  - Crowsnest  Pass  Regional  Landfill  (W^  8-7-1-W5) , near 
Cowley,  commenced  operation  in  September  1976.  Groundwater  monitoring 
activities  were  initiated  in  June  1982. 

The  predominant  surficial  materials  in  the  study  area  consist  of  a 
Pleistocene  sequence  of  till,  glaciolacustrine  silts  and  sands  and 
glaciof luvial  sands  and  gravels.  The  surficial  deposits,  which  range  in 
thickness  from  1.5  to  15  m,  overlie  bedrock  assigned  to  the  Tertiary  - Upper 

Cretaceous  Brazeau  Formation.  The  in-situ  hydraulic  conductivity  of 

— 5 — 8 

surficial  materials  ranges  from  1C  to  1C  cm/s . The  regional  direction  of 
groundwater  flow  is  towards  the  southeast.  In  the  landfill  area,  a local 
flow  system  trending  primarily  to  the  south,  is  superimposed  on  the  regional 
system.  Most  of  the  landfill  site  is  located  in  an  area  of  lateral 
groundwater  flow. 

Shallow  groundwater  chemistry  is  highly  variable  ranging  from  the 
sodium-bicarbonate  to  the  calcium/magnesium  - sulphate/chloride  type. 
Monitoring  results  suggest  that  landfilling  has  had  minimal  effect  on 
groundwater  quality.  A slight  deterioration  in  groundwater  quality  was 
detected  in  shallow  groundwater  near  the  landfill.  This  deterioration  is 
commonly  found  in  close  proximity  to  most  landfills  and  does  not  affect  the 
useability  of  the  water. 

Since  the  landfill  has  regional  status,  groundwater  monitoring  will  be 
continued.  Groundwater  samples  will  be  collected  from  selected  wells  for 
chemical  analysis  once  annually  and  water  levels  will  be  recorded  quarterly. 
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1.0  INTRODUCTION 


A mandate  of  Alberta  Environment  is  to  safeguard  against  groundwater 
pollution  from  waste  disposal  facilities.  To  this  end,  a long  term 
groundwater  monitoring  program  has  been  established  for  regional  landfills. 
Data  derived  from  this  program  are  essential  for  assessing  present  landfill 
design  criteria,  detecting  groundwater  contamination  and  in  implementing 
possible  correction  measures. 

This  report  outlines  groundwater  monitoring  activities  at  the  Pincher 
Creek  - Crowsnest  Pass  (PC-CP)  Regional  Landfill  located  near  Cowley  at  W| 
8-7-I-W5  (Figure  1) . A hydrogeologic  investigation  of  the  site  was  conducted 
by  the  Groundwater  Protection  Branch  (Davison,  1977)  of  the  Earth  Sciences 
Division  at  the  request  of  the  Waste  Management  Branch,  Pollution  Control 
Division. 

The  disposal  operation  commenced  in  September  1976  and  groundwater 
monitoring  activities  commenced  in  June  1982.  Monitoring  data  are  used 
specifically  to  define: 

1.  The  water  table  configuration  and  its  fluctuations,  and; 

2.  The  chemistry  of  local  groundwater  and  its  possible  contamination 
by  leachate . 


2.0  SITE  DESCRIPTION 

The  landfill  site  occupies  one-half  section  of  agricultural  land  located 
5 km  southwest  from  the  Village  of  Cowley.  It  is  surrounded  by  cultivated 
farmland  to  the  south  and  west  and  by  pastures  immediately  to  the  north  and 
east . 

The  topography  of  the  site  ranges  from  steeply  sloping  conditions 
adjacent  to  a west  facing  ridge  of  the  Porcupine  Hills  in  the  northeast 
portion,  to  gently  sloping  conditions  trending  southerly  throughout  the 
balance  of  the  study  area.  The  maximum  topographic  relief  is  67  m.  Surface 
drainage  is  well  defined  with  a network  of  small  intermittent  streams 
(draws) , discharging  toward  the  southeast. 
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The  surficial  materials  covering  the  area  consist  predominantly  of 
lacustrine  and  glacial  drift  deposits.  Overburden  thickness  ranges  from  4 m 
near  the  northeast  corner  to  greater  than  15  m near  the  southwest  corner  of 
the  study  area. 

The  Tertiary-Cretaceous  bedrock  underlying  the  landfill  site  belongs  to 
the  Brazeau  Formation.  According  to  Green  (1972) , this  formation  is  mainly 
non-marine  and  consists  of  greenish-grey,  thick  bedded,  chloritic  and 
feldspathic  sandstone,  and  blocky  grey  mudstone  with  some  tuff  and  thin  coal 
beds . 

Domestic  wells  in  the  vicinity  of  the  landfill  are  completed  in  bedrock 
and  have  an  average  depth  of  85  m.  Twenty  year  safe  yields  are  in  the  0.1  to 
0.4  L/s  range  (Tokarsky,  1974). 

3 . 0 MONITORING  RESULTS 

3.1  Groundwater  Flow 

According  to  Davison  (1977) , the  direction  of  regional  groundwater  flow 
is  towards  the  southeast.  In  the  landfill  area  a local  flow  system  with  flow 
to  the  south  is  superimposed  upon  the  regional  flow  system. 

A detailed  plan  showing  the  locations  of  all  instrumentation  sites 
(water  table  wells  and  piezometers)  in  the  study  area  is  presented,  in 
Figure  2.  Test  hole  lithologies  and  completion  data  are  contained  in 
Appendix  Al  and  A2,  respectively.  Lithologic  data  were  used  to  construct  the 
hydrogeologic  cross-sections  depicted  in  Figures  3 and  4. 

Water  level  data  are  contained  in  Appendix  B.  Measurements  from  water 
table  wells  recorded  on  1986-06-03  were  used  to  construct  the  water  table 
contour  map  in  Figure  5.  The  map  indicates  that  the  predominant  direction  of 
shallow  groundwater  flow  is  to  the  south.  The  average  hydraulic  gradient 
across  the  site,  taken  from  water  table  well  #24  to  #27,  is  2.4  x 10 

Piezometer  water  level  data,  which  represent  groundwater  potential 
measurements  below  the  water  table,  were  used  to  assess  vertical  groundwater 
flow.  Water  table  well  - piezometer  nest  data  indicate  that  the  study  area 
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is  subdivided  into  areas  of  discharge,  recharge  and  lateral  groundwater  flow 
conditions.  Davison  (1977)  attributes  this  pattern  to  the  topography  and 
complex  geology  of  the  site.  The  majority  of  the  landfill  parcel  is 
characterized  by  lateral  flow  conditions. 

In  general,  the  water  table  is  a subdued  replica  of  the  surface 
topography.  The  depth  to  water  ranges  between  2 and  3 m over  the  majority  of 
the  study  area  (Figure  6) . 

3.2  Hydraulic  Conductivites 

Single  well  response  (slug)  tests  were  conducted  on  various  piezometers 
throughout  the  study  area  to  obtain  in-situ  hydraulic  conductivity  values  for 
specific  geologic  materials  beneath  the  site.  A summary  of  these  results  is 
presented  in  the  report  completed  by  Davison  (1977) . Test  results  indicate  a 
hydraulic  conductivity  range  of  10  to  10  ^ cm/s  for  the  glaciof luvial , 
lacustrine  and  till  deposits,  which  constitute  the  bulk  of  the  surficial 
materials . 

3.3  Groundwater  Chemistry 

Selected  piezometers  and  water  table  wells  at  the  landfill  have  been 
sampled  on  several  occasions  since  the  landfill  commenced  operations.  Prior 
to  sampling,  all  monitors  were  properly  developed  to  ensure  samples  were 
representative  of  formation  water.  Samples  were  collected  using  a 
peristaltic  pump  and  filtered  in  the  field  using  a 0.45  urn  filter.  All 
sampling  equipment  was  thoroughly  cleaned  between  sampling  events  using 
de-ionized  water.  Samples  were  contained  in  polyethylene  bottles  and  stored 
in  a cooler  for  transport  to  the  laboratory.  Four  samples  were  collected  at 
each  site:  for  inorganics,  metals,  total  organic  carbon  (TOC)  and  chemical 

oxygen  demand  (COD)  analysis. 

Analytical  data  from  1982-1985  are  contained  in  Appendix  C2.  Data  from 
1985  are  graphically  illustrated  on  the  piper  diagram  in  Figure  7 to 
illustrate  groundwater  type.  Piper  diagrams  for  1982-84  are  included  in 
Appendix  C2. 
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Background  water  quality  varies  from  the  sodium-bicarbonate  to  the 
calcium/magnesium  - sulphate/chloride  type,  with  the  latter  predominating. 

The  variable  groundwater  chemistry  reflects  the  heterogeneity  of  surficial 
materials.  Groundwater  in  the  recharge  area  (i.e.  in  vicinity  of  sites  #1 
and  #2)  tends  to  have  a total  dissolved  solids  (TDS)  concentration  in  the 
order  of  1000  mg/L.  The  TDS  concentration  increases  up  to  8000  mg/L  along 
the  flow  path  towards  the  landfill  area.  Davison  (1977)  also  found  that  the 
TDS  concentration  increased  with  increased  distance  from  the  recharge  area. 
This  increase  is  concomitant  with  residence  time.  Background  water  is 
generally  of  poor  quality,  with  magnesium,  sulphate,  iron,  manganese  and  TDS 
frequently  exceeding  upper  limits  established  for  Canadian  drinking  water  by 
Health  and  Welfare  Canada  (1978) . Water  quality  deteriorates  along  the  flow 
path  from  the  recharge  area. 

The  chloride  concentration  was  used  to  establish  the  level  and  extent  of 
groundwater  contamination.  Chloride  is  a good  contaminant  indicator  because 
it  typically  has  a low  concentration  in  shallow  groundwater,  is  relatively 
inert,  does  not  readily  complex  and  is  very  mobile  in  the  aqueous 
environment.  Elevated  chloride  concentrations  in  groundwater  in  the  vicinity 
of  the  landfill  area  indicates  that  shallow  groundwater  has  been 
contaminated.  The  chloride  concentrations  in  background  water  is  less  than 
5 mg/L.  In  the  landfill  area,  chloride  concentrations  as  high  as  40  mg/L 
were  detected  in  groundwater;  however,  the  average  concentration  is  10  mg/L, 
far  below  the  upper  limit  of  250  mg/L  recommended  by  Health  and  Welfare 
Canada  (1978)  . Figure  8 illustrates  that  the  chloride  concentration  has 
varied  little  since  1982  in  shallow  groundwater  up-gradient,  in  and 
down-gradient  of  the  landfill  area.  The  hardness,  TDS,  iron  and  manganese 
concentration  often  exceeds  upper  levels  established  for  Canadian  drinking 
water.  Groundwater  has  a low  organic  load,  comparable  to  background  water. 

Sulphur  contaminated  soil  was  disposed  of  at  the  landfill  in  1978-79. 

To  establish  the  impact  of  these  wastes  on  groundwater  quality,  two 
piezometer  nests  (Sites  #9a  and  b)  and  eight  water  table  wells  (Sites  #9A 
to  H)  were  completed  around  the  sulphur  disposal  area.  The  sulphate 
concentration  variation  in  groundwater  from  wells  located  around  the  sulphur 
disposal  area  is  represented  in  Figure  9.  Also  shown  in  the  figure  are 
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sulphate  concentration  variations  in  background  water  from  site  #2  and  from 
site  #4,  located  immediately  up-gradient  from  the  landfill . The  data 
indicate  that  sulphate  concentrations  in  shallow  groundwater  from  all  wells, 
with  the  exception  of  site  #9F,  are  either  decreasing  or  are  relatively 
stable.  Analytical  data  from  the  piezometer/water  table  well  nest  at  site 
#9b/#9B  indicate  that  the  sulphate  concentration  decreases  rapidly  with 
depth. 


4.0  CONCLUSION 

Relatively  low  permeability  lacustrine  materials  and  till,  overlying  the 
Brazeau  Formation,  are  the  predominant  surficial  deposits  in  the  study  area. 
In  the  landfill  area  a local  groundwater  flow  system  with  a southerly  flow 
overlies  a regional  flow  system  in  which  the  principle  direction  of  flow  is 
toward  the  southeast. 

Shallow  groundwater  chemistry  is  highly  variable  ranging  from  the 
calcium/magnesium  - sulphate/chloride  to  the  sodium  - bicarbonate  type. 
Groundwater  quality  tends  to  deteriorate  from  the  recharge  area  along  the 
flow  path  towards  the  landfill  area.  In  background  water,  several  parameters 
exceed  the  acceptable  upper  limit  recommended  by  Health  and  Welfare  Canada 
(1978) . Elevated  chloride  concentrations  in  groundwater  in  the  landfill  area 
indicates  contamination.  The  chloride  concentration  increases  from  less  than 
5 mg/L  in  background  water  to  over  40  mg/L  in  shallow  groundwater 
downgradient  from  the  landfill.  The  level  of  contamination  is  considered  low 
since  the  maximum  chloride  concentration  is  significantly  less  than  250  mg/L, 
the  recommenced  upper  limit  for  drinking  water. 

Groundwater  monitoring  will  be  continued  at  the  site  because  it  has 
regional  status.  However,  due  to  the  low  level  of  contamination,  the 
monitoring  system  will  be  reduced  to  include  only  selected  wells  in  the 
immediate  vicinity  of  the  landfill  area.  Groundwater  samples  will  be 
collected  for  chemical  analysis  once  annually  and  water  levels  will  be 
recorded  quarterly.  Results  of  future  groundwater  monitoring  activities  will 
be  reported  in  annual  updates. 
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APPENDIX  A 


APPENDIX  Al  GROUNDWATER  PROTECTION  BRANCH  DRILL  HOLE  LOGS 
A2  MONITORING  WELL  COMPLETION  INFORMATION 


Al.  GROUNDWATER  PROTECTION  BRANCH  DRILL  HOLE  LOGS 


Location:  Pincher  Creek  - crowsnest  Pass  Regional  Landfill 


Project:  Landfill  Study 

Test  Hole:  Site  #1  to  Site  #36 


Site  #1 

(5188-H ) 

0.0  - 0.25  Topsoil,  sandy  silt  d 

0.25  - 2.75  Lacustrine,  silty  clay  sm 

2.75  - 3.00  Till,  clay  sm 

3.00  - 4.25  Till,  silty  clay  m 

4.25  - 5.25  Till,  sandy  clay,  pebbly 

sand  partings  m 

5.25  - 5.75  Till,  sandy  clay  vm 

5.75  - 6.75  Till,  sandy,  saturated 

sand  partings  sat 

6.75  - 8.00  Till,  sandy  vm 

8.00  - 8.25  Till,  clay  m 

8.25  - 8.50  Sand  and  gravel  sm 

8.50  - 9.50  Bedrock,  shale  d 

( 1978-T ) 

0.00  - 0.25  Topsoil,  sandy  silt  d 

0.25  - 1.00  Lacustrine,  silty  clay  sm 

1.00  - 4.75  Lacustrine,  silty  clay,  minor 

pebbles  and  silt  lamina  m 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s ( saturated ) . 


Depth  (m) 


Texture  and  Lithology 


Moisture  Content* 


( 1978-T ) continued 

4.75  - 5.25 

Till,  sandy  clay,  sand  partings 

m 

5.25  - 5.50 

Till,  sandy 

vm 

5.50  - 5.75 

Till,  sandy,  saturated  sand 
partings 

sat 

5.75  - 9.50 

Till,  sandy  clay 

m 

Site  #2 
( 1983-T ) 

0.00  - 0.25 

Topsoil,  silty  clay 

d 

0.25  - 1.00 

Lacustrine,  silty  clay 

sm 

1.00  - 4.25 

Lacustrine,  silty  clay 

m 

4.25  - 5.25 

Till,  sandy  clay 

m 

5.25  - 5.75 

Till,  sandy,  saturated  sand 
partings 

vm 

5.75  - 6.75 

Lacustrine,  silty  clay 

m 

6.75  - 9.75 

Till,  sandy  clay 

m 

9.75  - 10.25 

Till,  sandy  clay 

sm 

10.25  - 11.00 

Bedrock,  shale,  grey 

d 

Site  #3 
(5017-H ) 

0.00  - 0.25 

Topsoil,  sandy  silt 

d 

0.25  - 1.00 

Lacustrine,  silty  clay 

sm 

1.00  - 1.75 

Lacustrine,  silty  clay 

m 

1.74  - 4.75 

Lacustrine,  silty  clay 

vm 

4.75  - 5.25 

Till,  sandy  clay 

vm 

5.25  - 8.00 

Till,  sandy  clay,  saturated 
sand  partings 

vm-sat 

8.00  - 9.25 

Bedrock,  sandstone 

sm 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist) 

s(saturated)  . 


Moisture  Content* 


Depth  (m) 

Site  #4 
( 6472-H ) 

0.00  - 0.50 

0.50  - 1.50 

1.50  - 3.00 

3.00  - 4.25 

4.25  - 6.00 

6.00  - 6.50 

Site  #5 
( 1959-T ) 

0.00  - 0.25 

0.25  - 1.75 

1.75  - 3.25 

3.25  - 4.00 

4.00  - 4.50 

4.50  - 5.25 

5.25  - 5.50 

5.75  - 6.50 

6.50  - 8.50 

8.50  - 10.25 

10.25  - 12.25 


* Moisture  Content: 


Texture  and  Lithology 


Topsoil,  sandy  silt 

sm 

Laucstrine , 

silty 

clay 

m 

Lacustrine , 

silty 

clay, 

varved 

vm 

Lacustrine, 

silty 

clay, 

varved 

vm-sat 

Till,  sandy 

clay 

m 

Lacustrine , 

silty 

clay, 

varved 

vm 

Topsoil,  sandy  silt,  dark  brown  sm 

Lacustrine,  silty  clay,  dark  brown  m 

Lacustrine,  silty  clay,  brown  m 

Till,  sandy  clay  m 

Till,  sandy  clay,  gravelly,  coarse  m 

Till,  sandy  sand  partings  m 

Lacustrine,  sandy,  gravelly  m 

Glaciof luvial , clay  sand, 

saturated  sand  partings  vm 

Glaciofluvial , silty  sand,  silty 
clay  partings 

Lacustrine,  silty  clay  m 

Till,  sandy  clay  m 


d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist) 
s ( saturated ) . 


Moisture  Content* 


Depth 

i (m 

) 

Site 

#6 

(1976 

-T) 

0.00 

- 0 

.25 

0.25 

- 2 

.75 

2.75 

- 3 

.50 

3.50 

- 3 

.75 

3.75 

- 4 

.25 

4.25 

- 5 

.25 

5.25 

- 5 

.50 

5.50 

- 8 

.00 

Site 

#7 

(1972 

-T) 

0.00 

- 0 

.25 

0.25 

- 2 

.50 

2 .50 

- 3 

.00 

3.00 

- 4 

.25 

4.25 

- 5 

.50 

5.50 

- 5 

.75 

5.75 

- 6 

.00 

6.00 

- 6 

.50 

6.50 

- 11.00 

Texture  and  Lithology 


Topsoil,  clay  silt 

m 

Lacustrine,  silty  clay 

m 

Till,  sandy  clay 

m 

Glaciofluvial , gravel 

sm 

Till,  sandy  clay 

m 

Glaciofluvial,  gravel 

m 

Glaciofluvial,  gravel 

sat 

Till,  clay  sand 

m 

Topsoil,  clay  silt 

d 

Lacustrine,  silty  clay 

m 

Glaciofluvial,  gravel,  clay 
till  partings 

m 

Till,  sandy  clay 

m 

lacustrine,  silty  clay 

m 

Laucstrine,  clay 

m 

Lacustrine,  silty  clay, 
silt  partings 

m 

Till,  sandy,  sand  partings 

sm 

Till,  clay  sand 

m 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s(saturated)  . 


- 


Moisture  Content* 


Site  #8 
(1973-T ) 

0.00  - 0.25  Topsoil,  clay  silt  d 

0.25  - 1.75  Lacustrine,  silty  clay  sm 

1.75  - 2.50  Lacustrine,  silty  clay  silt 

partings  sm 

2.50  - 2.75  Glaciof luvial , gravel  sm 

2.75  - 4.00  Till,  sandy  clay  m 

4.00  - 4.50  Laucstrine,  silty  clay,  silt 

partings  m 

4.50  - 5.25  Laucstrine,  sand  and  silt  vm 

5.25  - 5.75  Lacustrine,  sand  and  silt  sat 

5.75  - 9.50  Till,  sandy  clay  sm 

Site  #9A 
( 1363-T ) 

0.00  - 2.50  Fill,  till,  lacustrine,  sandy 

and  silty  clay  elemental  sulphur 

sandy  topsoil  m 

2.50  - 4.50  Till,  sandy  clay  m 

4.50  - 5.00  Glaciof luvial , silty  sand  vm 

Site  #9B 
( 1361-T ) 

0.00  - 4.25  Lacustrine,  silty  clay  m 

4.25  - 5.00  Till,  sandy  clay,  saturated 

gravel  layers  sat 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s(saturated) . 


Moisture  Content* 


Depth  (m)  Texture  and  Lithology 

Site  #9a 
( 1366-T ) 


0.00  - 0.25 

Topsoil,  sand  and  silt 

m 

0.25  - 2.50 

Lacustrine,  silty  clay 

m 

2.50  - 3.00 

Till,  sandy  clay,  sand  partings 

m 

3.00  - 3.50 

Till,  sandy,  saturated  sand 
partings 

vm 

3.50  - 4.25 

Till,  sandy  clay 

m 

4.25  - 5.00 

Till,  sandy,  gravel  and  sand 
partings 

vm 

5.00  - 5.50 

Glaciof luvial , silty  sand 

sat 

Site  #9b 
( 1357-T ) 

0.00  - 0.25 

Topsoil,  sandy  silt 

m 

0.25  - 1.00 

Lacustrine,  silty  clay,  sand 
partings 

m 

1.00  - 2.75 

Lacustrine,  silty  clay 

m 

2.75  - 3.00 

Till,  sandy  clay,  gravel  partings 

vm 

3.00  - 3.75 

Till,  sandy,  gravel  partings 

sat 

3.75  - 4.50 

Till,  sandy  clay 

m 

Site  #9c 
( 1356-T ) 

0.00  - 0.25 

Topsoil,  sandy  silt 

sm 

0.25  - 2.50 

Lacustrine,  silty  clay 

n 

2.50  - 2.75 

Till,  sandy  clay 

vm 

2.75  - 4.50 

Till,  sandy  clay,  saturated 
glaciof luvial  gravel  layers 

sat 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s ( saturated) . 


Moisture  Content* 


Depth  (m)  Texture  and  Lithology 

Site  #9d 
(1360-T) 


0.00  - 0.25 

Topsoil,  fill,  silty  clay 

m 

0.25  - 2.50 

Lacustrine,  silty  clay,  fill 
material 

m 

2.50  - 2.75 

Sulphur,  elemental 

vm 

2.75  - 3.50 

Till,  sandy  clay,  saturated 
sand  partings 

sat 

3.50  - 4.50 

Till,  sandy  clay 

m 

Site  #9e 
( 1362-T ) 

0.00  - 0.25 

Topsoil,  fill,  silty  clay 

m 

0.25  - 1.00 

Lacustrine,  fill,  silty  clay 

m 

1.00  - 4.00 

Fill  materials,  lacustrine,  silty 
clay  till,  sandy  clay,  sulphur 

m 

4.00  - 4.25 

Till,  sandy  clay 

m 

4.25  - 5.00 

Till,  sandy  clay,  saturated  glacio- 
fluvial  gravel  layers 

sat 

Site  #9 f 
(1358-T) 


0.00  - 0.25 

Topsoil,  sandy  silt 

m 

0.25  - 2.25 

Lacustrine,  silty  clay 

m 

2.25  - 2.50 

Till,  sandy  clay,  saturated 

sand  partings 

vm 

2.50  - 3.75 

Till,  sandy  clay 

m 

3.75  - 4.25 

Glaciof luvial , silty  sand 

vm 

4.25  - 4.50 

Glaciof luvial , silty  sand 

sat 

* Moisture  Content:  d(dry);  sm( slightly  moist);  m(moist);  vm(very  moist); 

s(saturated) . 


Moisture  Content* 


Depth  (m)  Texture  and  Lithology 

Site  #9g 
(1365  — T ) 


0.00 

- 0.25 

Topsoil,  sandy  silt 

sm 

0.25 

- 1.25 

Lacustrine,  silty  clay 

m 

1.25 

- 2.50 

Lacustrine,  silty  clay 

sm 

2 .50 

- 4.50 

Till,  sandy  clay 

m 

4.50 

- 5.25 

Glaciof luvial , silty  sand 

vm 

5.25 

- 5.50 

Till,  sandy  clay 

m 

Site 

#9h 

(1364 

-T) 

0.00 

- 0.25 

Topsoil,  sandy  silt 

m 

0.25 

- 2.25 

Lacustrine,  silty  clay 

m 

2.25 

- 3.50 

Till,  sandy  clay 

m 

3.50 

- 4.00 

Bedrock,  sandstone,  soft 

weathered 

vm 

4.00 

- 4.25 

Bedrock,  sandstone,  soft 

weathered 

m 

Site 

#10 

(1974 

-T) 

0.00 

- 0.50 

Topsoil,  clay  sand 

m 

0.50 

- 1.50 

Till,  sandy  clay 

m 

1.50 

- 2.50 

Lacustrine,  silty  clay 

m 

2.50 

- 2.75 

Till,  sandy,  sand  and  silt  partings 

m 

2.75 

- 3.00 

Glaciof luvial , silty  sand 
gravel 

and 

m 

3.00 

- 4.00 

Till,  sandy  clay 

sm 

4.00 

- 4.50 

Till,  sandy  clay 

m 

4.50 

- 8.00 

Till,  sandy  clay 

sm 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist) 

s ( saturated ) . 


. 


Moisture  Content* 


Depth 

; (m 

) 

Site 

#11 

(1971 

-T) 

0.00 

- 0 

.25 

0.25 

- 1 

.50 

1.50 

- 1 

.75 

1.75 

- 2 

.75 

2.75 

- 3 

.25 

3.25 

- 4 

.50 

4.50 

- 4 

.75 

4 .75 

- 5 

.25 

5.25 

- 5 

.75 

5.75 

- 7 

.00 

7.00 

- 8 

.00 

Site 

#12 

(1970 

-T) 

0.00 

- 0 

.25 

0.25 

- 2 

.50 

2.50 

- 3 

.25 

3.25 

- 4 

.00 

4.00 

- 4 

.75 

4 .75 

- 5 

.50 

5.50 

- 6 

.00 

6.00 

- 8 

.00 

Texture  and  Lithology 


Topsoil,  sandy  silt  sm 

Lacustrine,  silty  clay  sm 

Glaciofluvial , gravel  sm 

Till,  sandy  clay  m 

Glacial  lacustrine,  silty  clay  m 

Lacustrine,  clay  m 

Till,  clay  sand  m 

Till,  clay  sand  sm 

Till,  clay  sand,  silty  sand  sm 

partings 

Till,  clay  m 

Till,  clay  sm 


Topsoil,  sandy  silt 

sm 

Lacustrine,  silty  clay, 
dark  brown 

m 

Till,  sandy  clay 

sm 

Glaciofluvial,  silty  sand 
and  gravel 

sm 

Till,  sandy  clay 

sm 

Glaciofluvial,  gravel,  sandy 
clay  partings 

sm 

Glacial  lacustrine,  silty  clay 

m 

Till,  sandy  clay 

m 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s ( saturated ) . 


Moisture  Content* 


Depth  (m) 

Site  #13 
( 1975-T ) 

0.00  - 0.25 

0.25  - 2.50 

2.50  - 2.75 

2.75  - 3.00 

3.00  - 4.00 

4.00  - 4.25 
4.25  - 4.50 

4.50  - 4.75 

4.75  - 5.50 

5.50  - 5.75 

5.75  - 6.00 

6.00  - 6.75 

6.75  - 8.00 

Site  #14 
(6467-H) 

0.00  - 0.25 

0.25  - 1.50 

1.50  - 2.50 

2.50  - 5.50 

5.50  - 5.75 

5.75  - 9.25 
* Moisture 


Texture  and  Lithology 


Topsoil,  clay  sand  and  silt 

m 

lacustrine,  silty  clay 

sm 

Till,  sandy  clay 

sm 

Till,  clay  sand  and  gravel 

d 

Till,  sandy  clay 

m 

Glaciof luvial , gravel 

sm 

Till,  sandy  clay 

m 

Till,  sandy  clay,  saturated 
sand  partings 

m 

Lacustrine,  silty  clay 

m 

Glaciof luvial , silty  sand 

sm 

Glaciof luvial , gravel 

sm 

Till,  sandy  clay 

sm 

Till,  sandy  clay 

m 

Topsoil,  sandy  silt 

sm 

Lacustrine,  silty  clay,  varved 

m 

Glacial,  lacustrine,  silty 
clay  varved 

m 

Till,  sandy  clay 

m 

Glaciof luvial , gravel,  sandy 
clay  partings 

sat 

Till,  sandy  clay 

m 

Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s (saturated ) . 


Moisture  Content* 


Depth  (m) 

Texture  and  Lithology  Moisture  Content' 

Site  #15 
(5019  — H ) 

0.00  - 0.25 

Topsoil,  sand  and  silt 

sm 

0.25  - 1.50 

Lacustrine,  silty  clay 

m 

1.50  - 2.25 

Till,  sandy  clay 

m 

2.25  - 3.00 

Glacial  lacustrine,  silty 
clay  sand 

m 

3.00  - 4.50 

Till,  sandy  clay 

m 

4.50  - 5.50 

Till,  sandy  clay 

vm 

5.50  - 6.00 

Glaciofluvial , silty  sand  and 
gravel 

sat 

6.00  - 9.50 

Till,  sandy  clay  and  gravel 

m 

Site  #16 
(5027-H) 

0.00  - 0.25 

Topsoil,  sandy  silt 

d 

0.25  - 1.25 

Lacustrine,  silty  clay 

sm 

1.25  - 5.25 

Till,  sandy  and  silty  clay 

m 

5.25  - 15.50 

Till,  clay 

m 

(1977-T) 

0.00  - 0.25 

Topsoil,  sandy  silt 

d 

0.25  - 1.25 

Lacustrine,  silty  clay 

sm 

1.25  - 2.75 

Till,  sandy  clay 

m 

2.75  - 3.00 

Glaciofluvial,  gravel,  sandy 
clay  partings 

m 

3.00  - 3.50 

lacustrine,  silty  clay,  silt 
partings 

m 

3.50  - 4.00 

Glaciofluvial,  gravel 

m 

* Moisture  Content: 

d(dry);  sm(slightly  moist);  m(moist); 
s (saturated ) . 

vm(very  moist 

1 

Depth  (m) 


Texture  and  Lithology 


Moisture  Content* 


(1977 

-T)  continued 

4.00 

- 4.25 

Glaciof luvial , silty  sand  and 
gravel 

m 

4.25 

- 5.25 

Till,  sandy  clay 

m 

5.25 

- 5.75 

Lacustrine,  silty  clay 

m 

5.75 

- 9.50 

Till,  clay,  grey 

m 

Site 

#17 

(5026 

-H) 

0.00 

- 0.25 

Topsoil,  sandy  silt 

d 

0.25 

- 1.75 

Lacustrine,  silty  clay 

sm 

1.75 

- 6.00 

Lacustrine,  silty  clay 

m 

6.00 

- 8.00 

Till,  sandy  clay 

m 

8.00 

- 10.25 

Till,  sandy  clay 

m 

(1981 

-T) 

0.00 

- 0.25 

Topsoil,  sand  and  clay  silt 

sm 

0.25 

- 5.75 

Lacustrine,  silty  clay, 
silt  lamina 

m 

5.75 

- 6.25 

Glaciof luvial , gravel 

d 

6.25 

- 7.50 

Till,  sandy  clay 

m 

7.50 

- 8.25 

Till,  clay 

m 

8.25 

- 9.25 

Till,  clay 

sm 

9.25 

- 12.50 

Till,  sandy  clay 

sm 

Site 

#18 

(1982 

-T) 

0.00 

- 0.25 

Topsoil,  clay  sand 

sm 

0.25 

- 1.00 

Lacustrine,  silty  clay. 

silt  lamina  sm 


* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s (saturated) . 


Depth  (m) 


Texture  and  Lithology 


Moisture  Content* 


(1982 

-T)  continued 

1.00 

- 6.75 

Lacustrine,  silty  clay, 
silt  lamina 

m 

6.75 

- 7.25 

Silty  sand 

d 

7.25 

- 11.50 

Till,  sandy  clay 

sm 

11.50 

- 12.50 

Bedrock,  siltstone 

d 

Site 

#19 

(6470 

-H) 

0.00 

- 0.50 

Topsoil,  sandy  silt 

sm 

0 .50 

- 1.00 

Lacustrine,  sandy  clay  silt 

sm 

1.00 

- 1.50 

Lacustrine,  silty  clay 

m 

1.50 

- 3.00 

Lacustrine,  silty  clay  varved 

vm-sat 

3.00 

- 5.00 

Till,  sandy,  gravel,  sand  partings 

m 

5.00 

- 6.25 

Till,  sandy  clay,  gravel,  sand 
partings 

sm-m 

6.25 

- 7.50 

Till,  sandy  clay 

sm-m 

7.50 

- 10.25 

Till,  sandy  clay 

m 

Site 

#20 

(6469 

-H) 

0.00 

- 0.75 

Topsoil,  sandy  silt 

sm 

0.75 

- 1.50 

Lacustrine,  silty  clay 

m 

1.50 

- 3.00 

Till,  silt  and  sandy  clay 

m 

3.00 

- 4.50 

Till,  silty  clay 

vm-sat 

4.50 

- 5.75 

Till,  sandy  clay  and  silt 

vm 

5.75 

- 6.25 

Till,  sandy  clay  and  gravel 

vm-sat 

6.25 

- 6.75 

Till,  silty  clay 

vm-sat 

6.75 

- 7.25 

Till,  sandy  clay  and  gravel 

vm-sat 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist) 

s(saturated) . 


Depth  (m) 


Texture  and  Lithology 


Moisture  Content* 


(6469 

-H ) continued 

7.25 

- 7.50 

Till,  silty  clay 

vm-sat 

7.50 

- 9.00 

Till,  sandy  clay 

m 

9.00 

- 10.50 

Till,  sandy  clay,  gray 

m 

Site 

#21 

(5023 

-H) 

0.00 

- 0.25 

Topsoil,  silty  sand 

sm 

0.25 

- 2.00 

Till,  sandy  clay  and  silt 

sm 

2.00 

- 6.50 

Till,  sandy  clay  and  silt 

m 

6.50 

- 9.25 

Glaciofluvial , gravel 

sat 

9.25 

- 14.25 

Till,  sandy  clay 

m 

14.25 

- 14.50 

Bedrock,  shale 

sm 

Site 

#22 

(6471 

-H) 

0.00 

- 0.25 

Topsoil,  sandy  silt 

sm 

0.25 

- 0.75 

Lacustrine,  silty  clay  and  sand 

m 

0.75 

- 1.50 

Lacustrine,  silty  clay,  varved 

m 

1.50 

- 3.25 

Lacustrine,  silty  clay  and  sand, 
varved 

m-vm 

3.25 

- 4.75 

Till,  sandy  clay 

m 

4.75 

- 5.75 

Till,  sandy  clay,  saturated, 
sand  partings 

vm-sat 

5.75 

- 6.50 

Till,  sandy  clay 

m-vm 

6.50 

- 10.25 

Till,  sandy  clay 

m 

10.25 

- 10.50 

Bedrock,  shale 

d 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s(saturated) . 


Moisture  Content* 


Depth  (m)  Texture  and  Lithology 

Site  #23 
( 1980-T ) 


0.00  - 0.25 

Topsoil,  sandy  silt 

sm 

0.25  - 2.50 

Lacustrine,  silty  clay 

m 

2.50  - 3.75 

Till,  sandy  clay 

m 

3.75  - 4.00 

Till,  silty  clay  sand,  saturated 
sand  partings 

sat 

4.00  - 4.25 

Till,  silty  clay  sand,  saturated 
gravel  layers 

sat 

4.25  - 5.50 

Lacustrine,  silty  clay 

m 

5.50  - 5.75 

Bedrock,  sandstone,  grey 

d 

5.75  - 6.50 

Bedrock,  sandstone,  brown 

d 

Site  #24 
(1979  — T ) 

0.00  - 0.25 

Topsoil,  clay  sand  and  silt 

d 

0.25  - 1.00 

Lacustrine,  silty  clay 

sm 

1.00  - 2.75 

Till,  sandy  clay 

m 

2.75  - 3.00 

Till,  sandy  clay,  saturated 
sand  partings 

vm 

3.00  - 3.25 

glacial  lacustrine,  silty  clay 

m 

3.25  - 4.00 

Till,  clay  sand  and  silt 

sm 

4.00  - 4.50 

Bedrock,  shale,  hard 

sm 

4.50  - 5.50 

Bedrock,  sandstone,  hard 

d 

5.50  - 6.25 

Bedrock,  shale,  hard 

d 

6.25  - 6.50 

Bedrock,  shale 

sat 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist) 

s(saturated) . 


Moisture  Content* 


Depth  (m) 

Site  #25 
(645S-H) 

0.00  - 0.25 

0.25  - 0.75 

0.75  - 1.50 

1.50  - 2.50 

2.50  - 3.75 

3.75  - 4.50 

4.50  - 6.00 

6.00  - 7.50 

7.50  - 8.75 

8.75  - 10.25 

Site  #26 
(134-T) 

0.00  - 0.25 

0.25  - 1.00 

1.00  - 1.50 

1.50  - 4.00 

4.00  - 5.00 

5.00  - 6.00 

6.00  - 7.50 

7.50  - 10.50 


* Moisture  Content: 


Texture  and  Lithology 


Topsoil,  sand  and  clay  silt  sm 

Lacustrine,  sand  clay  and  silt  m 

Lacustrine,  silty  clay  m 

Lacustrine,  silty  clay  vm 

Till,  silty  clay  and  gravel  sat 

Lacustrine,  silty  clay,  varved  sat 

Lacustrine,  sand  and  clay  silt, 

varved  vm 

Till,  silt  and  sandy  clay  m 

Till,  sandy  clay  m 

Bedrock,  sand  shale  sm 


Topsoil,  sandy  silt 

sm 

Till,  sandy 

clay  and  silt 

m-vm 

Lacustrine, 

sandy  clay  silt,  varved 

vm-sat 

Till,  silty 

clay  sand 

vm-sat 

Till,  sandy 

clay,  gravel 

sat 

Lacustrine , 

silty  clay,  varved 

sat 

Till,  sandy 

clay  and  silt 

m-vm 

Till,  sandy 

clay 

m 

d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 
s ( saturated ) . 


Moisture  Content* 


Depth  (m)  Texture  and  Lithology 


Site  #27 
(5031-T ) 

0.00  - 0.25 

Topsoil,  silty  sand 

sm 

0.25  - 1.75 

Till,  sandy  clay  and  silt 

m 

1.75  - 4.25 

Till,  silty  clay 

m 

4.25  - 4.50 

Glaciof luvial , sand 

sat 

4.50  - 10.00 

Till,  silty  clay 

vm 

10.00  - 12.25 

Till,  clay,  blue 

m 

12.25  - 14.00 

Till,  clay,  grey 

m 

Site  #28 


(5194-H) 


0.00  - 0.25 

Topsoil,  sandy  silt 

d 

0.25  - 0.50 

Lacustrine,  silty  clay 

sm 

0.50  - 2.25 

Lacustrine,  silty  clay 

m 

2.25  - 4.50 

Till,  sandy  clay  and  silt 

m 

4.50  - 4.75 

Glaciof luvial , sand  and  gravel 

sat 

4.75  - 7.00 

Till,  sandy  clay  and  silt 

vm 

7.00  - 7.50 

Till,  sandy  clay  and  silt, 

grey  blue 

m 

7.50  - 9.50 

Till,  sandy  clay,  grey  blue 

sm-m 

(6473-H) 

0.00  - 0.25 

Topsoil,  sandy  silt 

sm 

0.25  - 1.25 

Lacustrine,  silty  clay  sand 

m 

1.25  - 2.75 

Till,  sandy  clay  and  silt 

m 

2.75  - 3.25 

Lacustrine,  silty  clay 

sat 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s ( saturated ) . 


Depth  (m) 


Texture  and  Lithology 


Moisture  Content* 


(6473 

-H ) continued 

3.25 

- 3.75 

Till,  sandy  clay  and  silt 

m-vm 

3.75 

- 5.75 

Till,  sandy  clay,  gravel, 
light  blue  grey 

m 

Site 

#29 

(2152 

-T) 

0.00 

- 0.75 

Till,  clay 

m 

0.75 

- 3.25 

Till,  clay 

m 

3.25 

- 5.25 

Lacustrine,  silty  clay 

m 

5.25 

- 6.00 

Till,  sandy  clay 

m 

(6595 

-H) 

0.00 

- 1.25 

Glacial  lacustrine,  clay 

m 

1.25 

- 1.75 

Lacustrine,  silty  clay,  silt 
and  sand  partings 

vm 

1.75 

- 2.25 

Till,  sandy  clay 

m 

2.25 

- 2.75 

Glaciof luvial , clay  gravel 

m 

2.75 

- 3.25 

Till,  sandy  clay  and  gravel 

m 

3.25 

- 3.75 

Lacustrine,  silty  clay,  saturated 
sand  and  silty  partings 

vm-sat 

3.75 

- 5.00 

Lacustrine,  silty  clay 

vm 

5 .00 

- 5.75 

Lacustrine,  sand  and  silt 

m 

Site 

#30 

(2153 

-T) 

0 .00 

- 1.75 

Fill,  clay 

m 

1.75 

- 2.25 

Lacustrine,  silty  clay 

m 

2 .25 

- 3.00 

Till,  clay 

m 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s (saturated ) . 


Depth  (m) 


Texture  and  Lithology 


Moisture  Content* 


(2153-T)  continued 

3.00  - 3.50 

Till,  sandy  clay  and  gravel 

sm 

3.50  - 3.75 

Lacustrine,  silty  clay 

m 

3.75  - 5.25 

Till,  clay 

m 

5.25  - 6.00 

Till,  sandy  clay 

m 

Site  #31 
(1984-T) 

0.00  - 1.25 

Fill,  silty  clay 

m 

1.25  - 4.75 

Refuse,  waste,  garbage,  etc, 
clay  layers 

vm 

4.75  - 5.75 

Lacustrine,  silty  clay 

m 

Site  #32 
(1985-T) 

0.00  - 1.25 

Fill,  silty  clay 

m 

1.25  - 5.50 

Refuse,  garbage,  waste,  etc 

vm 

5.50  - 5.75 

Lacustrine,  silty  clay 

m 

Site  #33 
(6596-H) 

0.00  - 0.25 

Topsoil,  sandy  silt 

m 

0.25  - 0.75 

Glacial  lacustrine,  silt 
and  sandy  clay 

m 

0.75  - 2.50 

Lacustrine,  silty  clay, 
sand  and  silty  partings 

m 

2.50  - 3.25 

Till,  clay 

m 

3.25  - 6.00 

Lacustrine,  clay,  silt  partings 

m 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist) 

s ( saturated ) . 


Moisture  Content* 


Depth  (m) 

Texture  and  Lithology  Moisture  Content* 

Site  #34 
(129-T) 

0.00  - 0.25 

Topsoil,  clay  sand 

sm 

0.25  - 5.25 

Till,  clay 

sm 

5.25  - 6.00 

Till,  sandy  clay  and  silt, 
saturated  sand  layers 

vm 

6.00  - 6.50 

Bedrock,  shale 

d 

Site  #35 
( 5022-H ) 

0.00  - 0.25 

Topsoil,  silty  sand 

sm 

0.25  - 1.75 

Glacial  lacustrine,  silt 
and  sandy  clay 

m 

1.75  - 6.50 

Till,  silt  and  sandy  clay 

m 

6.50  - 9.50 

Till,  silt  and  sandy  clay 

vm 

9.50  - 12.50 

Till,  clay 

m 

12.50  - 13.50 

Bedrock,  shale 

d-sm 

Site  #36 
(7 357 -H ) 

0.00  - 0.25 

Topsoil,  sandy  silt,  brown 

m 

0.25  - 1.25 

Lacustrine,  silty  clay,  silt 
partings,  dark  brown 

d-sm 

1.25  - 1.50 

Glacial  lacustrine,  clay,  brown 

sm-m 

1.50  - 2.00 

Till,  clay,  gravel  partings, 
brown 

sm-m 

2.00  - 2.50 

Till,  clay 

sm-m 

2.50  - 3.25 

Lacustrine,  silty  clay,  dark  brown 

m 

3.25  - 4.00 

Till,  sandy,  gravel  layers,  brown 

m-vm 

4.00  - 6.25 

Till,  sandy,  saturated  sand 
partings,  brown 

vm 

* Moisture  Content:  d(dry);  sm(slightly  moist);  m(moist);  vm(very  moist); 

s ( saturated ) . 
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APPENDIX  C 

APPENDIX  Cl  LIST  OF  PARAMETERS  AND  PRESERVATION  TECHNIQUES 


C2  GROUNDWATER  CHEMISTRY  ANALYSES 


Cl  SAMPLING  PROCEDURES  AND  PRESERVATION  TECHNIQUES 


Chemical  Parameter 
Inorganic 

Method  of  Preservation 

Cl,  SO  , HCO  . , NH 
4 4 4 

- 250  ml  plastic  bottle 

Na,  K,  Ca,  Mg 

- refrigerate 

Organic 

COD 

- 125  ml  plastic  bottle 

- acidify  1.5  ml  (1:1) 
H2S04 

Metals 

Cu,  Fe,  Mn,  Pn,  Zn 

- 30  ml  plastic  bottle 

- acidify  0.5  ml  (1:1) 

hn°3 

- refrigerate 
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